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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to semiconductor optical devices, and more 
particularly, to a semiconductor optical device having a current-confined structure. 

2. Description of the Related Art 

Typically, semiconductor optical devices are applicable in various fields owing 
to their long lifetime and high optical conversion efficiency. In particular, the 
semiconductor optical devices have attracted considerable attention as active 
devices such as light sources, for communications with a wavelength range of 1.2 to 
1 .7pm, and detectors. In such a semiconductor optical device, a gain region is 
formed between semiconductor layers of opposite types, i.e., a p-type semiconductor 
layer and an n-type semiconductor layer, which are typically grown over InP or GaAs 
substrates, and a current-confined structure is formed in at least one of the 
semiconductor layers. Then, electrodes are formed on the upper and lower 
semiconductor layers so as to operate the optical device. The current-confined 
structure performs a very important function for the operation of the optical device. 

The current-confined structure of the semiconductor optical device can be 
formed by various conventional methods. For example, a method of laterally 
oxidizing an AI(Ga)As semiconductor layer using wet oxidization, a method of 
laterally oxidizing an InAIAs layer or an AlAsSb layer using wet oxidization, a method 
of forming an undercut current-confined region by etching a semiconductor layer, a 
method of performing an ion implantation process and an annealing process, and a 
method of etching an adjacent portion of a tunnel junction and performing a 
re-growth process have been employed. 

However, the foregoing methods of forming a current-confined structure of a 
semiconductor optical device have the following problems. 



Firstly, a semiconductor optical device having a current-confined structure that 
is formed by laterally oxidizing an AlAs layer using wet oxidization has excellent 
characteristics. However, in this method, a gain medium grown over a GaAs 
substrate cannot reliably provide a wavelength range of longer than 1|jm. 
5 Therefore, a new method of forming a current-confined structure applicable in a 
long-wavelength range of approximately 1.55pm is required. 

Secondly, a current-confined structure, obtained by laterally oxidizing an 
InAIAs layer or an AlAsSb layer using wet oxidization, is commercially adverse 
because the wet oxidization should be performed at a high temperature of 500°C for 
10 quite a long time and a crystal growth including Sb is required. Thirdly, the method 
of forming an undercut current-confined region by selectively etching a 
semiconductor layer makes the semiconductor optical device mechanically 
unreliable. 

Fourthly, when a current-confined structure is formed using an ion 
15 implantation process and an annealing process, it is difficult to cure crystalline 
structures formed in an unwanted region. Finally, the method of etching an 
adjacent portion of a tunnel junction and performing a re-growth process is very 
complicated and tends to get good results only from optical devices grown using 
commercially adverse molecular beam epitaxy. 

20 

SUMMARY OF THE INVENTION 
The present invention provides a semiconductor optical device having a 
current-confined structure which can be used in a wavelength range for optical 
communications and is mechanically reliable, highly thermally conductive, and 
25 commercially preferable. 

In accordance with an aspect of the present invention, there is provided a 
semiconductor optical device comprising a first semiconductor layer of a first 
conductivity type which is formed on a semiconductor substrate and includes one or 
more material layers, a second semiconductor layer which is formed on the first 
30 semiconductor layer and includes one or more material layers, and a third 

semiconductor layer of a second conductivity type which is formed on the second 
semiconductor layer and includes one or more material layers. Here, the first 
conductivity type is opposite to the second conductivity type. One or more layers 
among the first semiconductor layer, the second semiconductor layer, and the third 
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semiconductor layer have a mesa structure. A lateral portion of at least one of the 
material layers constituting the first semiconductor layer, the second semiconductor 
layer/and the third semiconductor layer is recessed, and the recess is partially or 
wholly filled with an oxide layer, a nitride layer or a combination of them. 
5 Preferably, when the first semiconductor layer is a p-type semiconductor layer, 

the third semiconductor layer is an n-type semiconductor layer and when the first 
semiconductor layer is an n-type semiconductor layer, the third semiconductor layer 
is a p-type semiconductor layer. The second semiconductor layer may be a p-type 
semiconductor layer, an n-type semiconductor layer, or an undoped semiconductor 
10 layer. 

While the optical device is operated, the first semiconductor layer and the 
third semiconductor layer serve as confinement-conducting regions, and the second 
semiconductor layer serves as a gain region. The oxide layer, the nitride layer or a 
combination of them may be formed of ZnO, MgO, Ti0 2 , Ta 2 0 5 , Zr0 2 , Hf0 2 , Si0 2 , 

15 Al 2 0 3 , Si 3 N 4 , AIN, AION or a combination of them. 

For a surface emitting optical device, at least one reflecting mirror may be 
further formed on the both sides of overall layers so as to be parallel with the 
semiconductor layers, thereby making output light perpendicular to the 
semiconductor layer through the reflecting mirror. For a edge-emitting optical device, 

20 at least one reflecting mirror may be further formed so as to be perpendicular to the 
first semiconductor layer through the third semiconductor layer, thus making output 
light parallel with the first semiconductor layer through the third semiconductor layer. 

In accordance with another aspect of the present invention, there is provided 
a semiconductor optical device comprising confinement-conducting regions having 

25 semiconductor layers, each of which includes one or more material layers, and a 
gain region having a semiconductor layer, which is formed between the 
confinement-conducting regions and includes one or more material layers. The 
confinement-conducting region(s) and the gain region have a mesa structure. A 
lateral portion of at least one of the material layers constituting the semiconductor 

30 layers of the confinement-conducting regions and the gain region is recessed, and 
the recess is partially or wholly filled with an oxide layer, a nitride layer or a 
combination of them. 

The oxide layer, the nitride layer or a combination of them may be formed 
using atomic layer deposition (ALD). The oxide layer, the nitride layer or a 



3 



combination of them. The oxide layer, the nitride layer or a combination of them may 
be formed of ZnO, MgO, Ti0 2 , Ta 2 O s , Zr0 2 , Hf0 2 , Si0 2 , Al 2 0 3 , Si 3 N 4> AIN, AION or a 
combination of them. 

The semiconductor layers constituting the confinement-conducting regions 
may be a p-type semiconductor layer, an n-type semiconductor layer, or a 
combination of them. The semiconductor layer constituting the gain region may be 
a p-type semiconductor layer, an n-type semiconductor layer, or an undoped 
semiconductor layer. 

A layer including tunnel junction for hole carrier supplying may be further 
formed in one of the confinement-conducting regions. In this case, the 
confinement-conducting region has a composite conductivity type and consists of 
n-type and p-type semiconductor layers. 

At least one reflecting mirror may be further formed so as to be parallel with 
the confinement-conducting regions and the gain region, thus making output light 
perpendicular to the confinement-conducting regions and the gain region. At least 
one reflecting mirror may be further formed so as to be perpendicular to the 
confinement-conducting regions and the gain region, thus making output light 
parallel with the confinement-conducting regions and the gain region. 

As described above, the semiconductor optical device of the present invention 
has the current-confined structure which can be used in a wavelength range for 
optical communications and is mechanically reliable, highly thermally conductive, 
and commercially preferable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present invention will 
become more apparent by describing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

FIGS. 1 through 3 are cross-sectional views of a semiconductor optical device 
having a current-confined structure according to an embodiment of the present 
invention, for illustrating a method for fabricating the same; 

FIGS. 4 are cross-sectional view of a semiconductor optical device having a 
current-confined structure according to another embodiment of the present invention; 

FIG. 5 is a conduction band diagram of a semiconductor optical device 
according to the present invention; 



FIG. 6 is a graph showing current-voltage characteristics of the semiconductor 
optical device having the current-confined structure according to the present 
invention; 
and 

FIGS. 7 and 8 show cases where the semiconductor optical device having the 
current-confined structure is used in a edge-emitting optical device and a surface 
(bottom)-emitting optical device, respectively. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention will now be described more fully with reference to the 
accompanying drawings, in which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in many different forms and should not 
be construed as being limited to the embodiments set forth herein. Rather, these 
embodiments are provided so that this disclosure is thorough and complete and fully 
conveys the concept of the invention to those skilled in the art. In the drawings, the 
shape of elements is exaggerated for clarity. Further, it will be understood that 
when a layer is referred to as being "on" another layer or substrate, it can be directly 
on the other layer or substrate, or intervening layers may also be present. 

FIGS. 1 through 3 are cross-sectional views of a semiconductor optical device 
having a current-confined structure according to an embodiment of the present 
invention, for illustrating a method for fabricating the same. 

Referring to FIG. 1 , a first semiconductor layer 12 of a first conductivity type, 
for example, a p-type semiconductor layer or an n-type semiconductor layer, is 
formed on a semiconductor substrate 10. The semiconductor substrate 10 may be 
an InP substrate. While the first semiconductor layer 12 may be formed of one or 
more Group lll-V semiconductor materials, in this embodiment, the first 
semiconductor layer 12 of FIG. 1 is formed of two material layers 12a and 12b for 
convenience. The first semiconductor layer 12 can serve as a 
confinement-conducting region during operations of the semiconductor optical 
device. 

A second semiconductor layer 14 having a recess 15 is formed on the first 
semiconductor layer. While the second semiconductor layer 14 may be formed of 
one or more Group lll-V semiconductor materials, in this embodiment, the second 
semiconductor layer 14 of FIG. 1 is formed of one material layer for convenience. 



The second semiconductor layer 14 may be formed of a p-type semiconductor layer, 
an n-type semiconductor layer, an undoped semiconductor layer, or a combination 
thereof. The second semiconductor layer 14 can serve as a gain region during 
operations of the semiconductor optical device. 

A third semiconductor layer 16 of a second conductivity type, for example, an 
n-type semiconductor layer or a p-type semiconductor layer, is formed on the second 
semiconductor layer 14. Here, the second conductivity type is opposite to the first 
conductivity type. That is, when the first semiconductor layer 12 is a p-type 
semiconductor layer, the third semiconductor layer 16 is formed of n-type 
semiconductor material(s), and when the first semiconductor layer 12 is an n-type 
semiconductor layer, the third semiconductor layer 16 is formed of p-type 
semiconductor material(s). While the third semiconductor layer 16 may be formed 
of one or more Group lll-V semiconductor materials, in this embodiment, the third 
semiconductor layer 16 of FIG. 1 is formed of four material layers 16a, 16b, 16c, and 
16d for convenience. The third semiconductor layer 16 can serve as a 
confinement-conducting region during operations of the semiconductor optical 
device. 

The material layers constituting the first semiconductor layer 12, the second 
semiconductor layer 14, and the third semiconductor layer 16 are formed of 
materials capable of growing over the InP substrate 10, such as InP, InGaAs, 
InAIGaAs, InAIAs, and InGaAsP, using metal-organic vapor phase epitaxy. 

One or more layers of the first semiconductor layer 12, the second 
semiconductor layer 14, and the third semiconductor layer 16 have a mesa structure. 
Further, after forming the mesa structure, a lateral portion of the second 
semiconductor layer 14 is selectively etched by a wet etch process using a solvent of 
the phosphorus acid group or the hydrochloric acid group, thereby forming the 
recess 15. The recess 15 may be formed using other etching processes having a 
high etch selectivity with respect to the Group lll-V semiconductor materials 
constituting the first semiconductor layer 12 and the third semiconductor layer 16. 
An undercut etching-profile can be controlled by adjusting the composition of the 
Group lll-V semiconductor materials constituting the first semiconductor layer 12, the 
second semiconductor layer 14, and the third semiconductor layer 16. Unlike FIG. 
1 , the recess 1 5 may be formed in at least one of the material layers constituting the 
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lasers, surface light-emitting diodes, light-receiving diodes, semiconductor optical 
amplifiers, and optical detectors. 

As described above, in the semiconductor optical device according to the 
present invention, a semiconductor layer is selectively etched so as to form a recess, 
which is filled with a highly thermally conductive oxide layer, nitride layer or a 
combination of them. Thus, the semiconductor optical device has a 
current-confined structure. 

As a result, the semiconductor optical device according to the present 
invention is mechanically reliable and highly thermally conductive. Also, because 
the recess is filled with the oxide layer, the nitride layer or a combination of them 
using ALD so as to reduce leakage current at the etching faces, the semiconductor 
optical device is mechanically reliable and commercially preferable. 

Consequently, the semiconductor device according to the present invention 
has a current-confined structure suitable for a wavelength range of optical 
communications which is mechanically reliable, highly thermally conductive, and 
commercially preferable. Further, the semiconductor optical device of the present 
invention is applicable in various technical fields of, for example, light sources and 
detecting devices, optical communications, light-emitting diodes and lasers, and 
vertical cavity surface-emitting lasers. 

While the present invention has been particularly shown and described with 
reference to preferred embodiments thereof, it will be understood by those of 
ordinary skill in the art that various changes in form and details may be made therein 
without departing from the spirit and scope of the present invention as defined by the 
following claims. 



10 



